
Jason 3 SLR range 
orre
tion estimationFlavien Mer
ier, Alexandre CouhertNovember 8, 20161 Introdu
tionThe obje
tive of this do
ument is to analyze the di�erent models used for the Jason 1,2,3 SLRretrore�e
tor range 
orre
tion (same hardware for the three satellites) and to propose models forthis 
orre
tion, depending on the required performan
e.The available 
orre
tions in the do
umentations for Jason 1,2,3 may be very di�erent at someelevations, so it is ne
essary to do a new analysis of the SLR retrore�e
tor assembly, in order toestimate the pre
ision of these di�erent 
orre
tions.Using the information available in the Jason 3 POD do
ument [ICD POD℄ a global model is
onstru
ted for the SLR retrore�e
tor. This allows to estimate a realisti
 range 
orre
tion fun
tion.For the Jason SLR retrore�e
tor assembly, it is possible to a
hieve a sub-millimetri
 pre
ision usinga range 
orre
tion fun
tion of the elevation only. A polynomial expression is proposed here, with aperforman
e better than 2 mm at low elevation, and 0.5 mm at high elevation.This range 
orre
tion fun
tion is dire
tly 
ompared to the three other available 
orre
tions, thedi�eren
es 
an rea
h 5 millimeters at high elevations. These 
orre
tions are also veri�ed with a SLRpost�t residuals analysis for the �rst two 
y
les of Jason 3.2 Opti
al path length 
omputation for a 
orner 
ubeThe �gure 1 shows the geometry of the problem for one 
ube 
orner. A similar example 
an befound in [D. Arnold 1979℄.
O is the opti
al referen
e point (
orresponding to the 
omplete retrore�e
tor array). C is the
enter of the external 
ube 
orner surfa
e. A is the apex of the 
ube 
orner.
l1 : opti
al path length for the opti
al referen
e point O of the SLR re�e
tor assembly (va
uumpropagation). This 
orresponds to the propagation geometry used in the orbit determination model.1



3 SLR ARRAY INFORMATION

Figure 1: Geometry des
ription
l2 : opti
al path length for the ray re�e
ting at the 
orner 
ube apex. This is the measurement(measured propagation time). The di�ra
tion e�e
t [ILRS 2006℄ is not 
onsidered here. The in
i-den
e angle is θ and the refra
tion angle is θr, with the relation sin θ = nφ sin θr. nφ is the refra
tionindex 
orresponding to the phase velo
ity at the frequen
y of the signal. Using ng for the grouprefra
tion index, the expression for l2 using geometri
al opti
s is (see Appendix) :

l2 = l1 − d cos θ + ngd0cosθr (1)The range 
orre
tion δl to add to the measurement l2 to obtain l1 is :
δl = d cos θ − ngd0cosθr (2)3 SLR array informationThe geometry information used here is the POD do
ument [ICD POD℄, and in the Satellite ICD[ICD SLR℄. For the array geometry des
ription, we use the table of the external surfa
es 
oordinatesavailable in the POD do
ument (paragraph 10.1). For the opti
al 
enter o�set relative to the2



3 SLR ARRAY INFORMATIONinstrument referen
e plane, the value is 23.4 mm below the interfa
e (this is not relevant for thearray range 
orre
tion, whi
h is related to the opti
al 
enter, but is needed to have the 
orre
tposition on the satellite).In addition three range 
orre
tions are given in paragraph 10.2, 
orresponding to the dire
tions0,25,50 degrees in the x0z or yOz plane of the array. The numeri
al values for the SLR array modelare (see the Appendix and [ICD POD℄) :
d=82.55 mm for all 
ubes.
α0=50 degrees, angle between the 
entral 
ube and the other 
ubes referen
e axes (normal to theexternal surfa
e).
α1=34 degrees, angle between two external 
ubes referen
e axes.
δl=49.5 mm for the 
entral 
ube 
orner 
orre
tion (0 degree zenith angle).
δl=48.9 mm for 50 degree zenith angle, this value is an average, as the 
orre
tion depends also onthe azimuth in this 
ase.
δl=42.9 mm for 25 degrees zenith angle (this is the point of equal 
ontribution of the two adja
ent
orner 
ubes in the xOz plane for example).We have no des
ription of the 
ube 
orner geometry (value of d0), and also no information on

ng. Assuming that the material is Suprasil quartz glass, we 
an use the value of ng = 1.484 whi
his the value used for Saral re
ent analyses (532 nm) [D. Arnold 2015℄ and also in [ILRS 2006℄.Using the value of the 
orre
tion δl in the axis of the 
entral 
ube, and the 
orresponding distan
e
d, we 
an derive the produ
t ngd0 from the equation 2, and then a value for d0. The values usedfor the model are thus :
nφ = 1.461, suprasil phase index of refra
tion (532 nm).
ng = 1.484, suprasil group index of refra
tion (532 nm).
d0 = 22.3 mm. This value seems realisti
.

3



4 COMPLETE ASSEMBLY CHARACTERISTICS4 Complete assembly 
hara
teristi
sThe �gure 2 shows the delays δl 
orresponding to the re�e
tions on the di�erent 
ubes of theassembly, as a fun
tion of the zenith angle θ (relative to the 
entral 
ube referen
e dire
tion). This
orresponds to the 
orre
tions for a ray lo
ated in the plane 
ontaining the 
entral 
ube and twoexternal 
ubes (for example the xOz plane). The blue solid line 
orresponds to the 
entral 
ube,the green and red 
orrespond to the two external 
ubes. For single photon dete
tion, the highestvalue of the three 
urves must be used.
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Figure 2: Propagation 
orre
tion for a plane 
ontaining the 
entral 
ube and two external 
ubes,dotted lines are the di�erent 
orre
tions used for Jason 1,2 or proposed for Jason 3The symbols on �gure 2 
orrespond to the delay values given in the POD do
umentation[ICD POD℄. For θ=0,-50,50 degrees, this 
orresponds here to the referen
e axis of the 
orner
ubes. For θ=-25,25 degrees this is the middle between the two 
orner 
ubes, where the delays
orresponding to both 
ubes are identi
al. What is important here is that the evolution of the
orre
tion between these values is now des
ribed, even if the used model is not perfe
t.4



4 COMPLETE ASSEMBLY CHARACTERISTICSThe dotted lines 
orrespond to the di�erent 
orre
tions used : Jason 1 se
ond degree polynomialexpression in |θ| (
urve with the peak at 0 degrees) ; Jason 2, 
onstant value 50.0 mm ; Jason 3,
onstant value of 46.0 mm.The problem of these three 
orre
tions is that they are biased for high elevation residuals 
om-putations whi
h are important for the radial orbit performan
e veri�
ations (zenith angle below 30degrees on the station, this 
orresponds to θ below 24.5 degrees). Usually, at high elevation, thenumber of measurements 
lose to θ=0 degrees is not very important, so the 
orre
tions of Jason 1will underestimate systemati
ally the 
orre
tion by 3-4 millimeters, the 
orre
tion of Jason 2 willoverestimate systemati
ally the 
orre
tion by up to 5 millimeters. The average value of 46.0 mm forJason 3 seems a good 
ompromise, however the true 
orre
tion maximal error is +-3 millimeters.For the higher θ angles, when the a
tive 
ube is on one external 
ube, there is a dependen
yin azimuth. Figure 2 shows the maximum possible value (the ray is dire
tly in the dire
tion of the
ube at 50 degrees). Figure 3 shows the 
orre
tion 
orresponding to a pointing in a plane 
ontainingtwo external 
ubes and the opti
al 
enter (the angle between these 
ubes is 34 degrees). This meansthat the 
orre
tion at 50 degrees is in the interval 46.5 - 49.5 mm.
geometrical correction

deg

mm

−60 −40 −20 0 20 40 60
40

41

42

43

44

45

46

47

48

49

50

Figure 3: Propagation 
orre
tion for two external 
ubes (green and red)
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5 EXPRESSIONS FOR A RANGE CORRECTION FUNCTION5 Expressions for a range 
orre
tion fun
tionDi�erent methods are possible :
• use dire
tly the geometri
al information to �nd the 
orner 
ube with the normal 
losest tothe in
oming dire
tion, and then 
ompute the 
orre
tion with the formula 2,
• make a table des
ribing the fun
tion dependen
ies in azimuth and zenith angle,
• polynomial expression using the elevation , no azimuth dependen
y.The LRA origin in the satellite frame is [ 1194.0 , 598.0 , 706.2 ℄ from [ICD POD℄.5.1 Geometri
al modelThe data are :

nφ = 1.461

ng = 1.484Opti
al 
entre in LRA referen
e frame (millimeters) : [ 0.0 , 0.0 , -23.4 ℄Geometry Table 1: Geometry des
ription (millimeters)Name 1 2 3 4 5 6 7 8 9
d0 22.3 22.3 22.3 22.3 22.3 22.3 22.3 22.3 22.3
d 82.5 82.6 82.6 82.6 82.6 82.6 82.6 82.6 82.6normals 0.7661 -0.7661 0.0000 0.0000 0.5417 -0.5417 0.5417 -0.5417 0.00000.0000 0.0000 0.7661 -0.7661 0.5417 0.5417 -0.5417 -0.5417 0.00000.6428 0.6427 0.6428 0.6427 0.6427 0.6427 0.6427 0.6427 1.00005.2 Tabulated modelThe data are :Opti
al 
entre in LRA referen
e frame (millimeters) : [ 0.0 , 0.0 , -23.4 ℄6



5.2 Tabulated model 5 EXPRESSIONS FOR A RANGE CORRECTION FUNCTIONCorre
tions, to be added to the measurements, expressed in azimuth (0-360 degrees) and zenithangle (0-65 degrees) (millimeters)0 5 10 15 20 25 30 35 40 45 50 55 60 65-------------------------------------------------------------------------------------------------------0 49.5 49.2 48.4 47.2 45.4 43.1 45.4 47.2 48.4 49.2 49.5 49.2 48.4 47.25 49.5 49.2 48.4 47.2 45.4 43.1 45.3 47.1 48.3 49.1 49.3 49.0 48.3 47.010 49.5 49.2 48.4 47.2 45.4 43.1 45.0 46.7 47.9 48.6 48.9 48.6 47.8 46.515 49.5 49.2 48.4 47.2 45.4 43.1 44.5 46.2 47.3 48.0 48.1 47.8 46.9 45.620 49.5 49.2 48.4 47.2 45.4 43.1 43.8 45.4 46.4 47.0 47.1 46.7 45.7 44.325 49.5 49.2 48.4 47.2 45.4 43.1 43.8 45.4 46.4 47.0 47.1 46.7 45.7 44.330 49.5 49.2 48.4 47.2 45.4 43.1 44.5 46.2 47.3 48.0 48.1 47.8 46.9 45.635 49.5 49.2 48.4 47.2 45.4 43.1 45.0 46.7 47.9 48.7 48.9 48.6 47.8 46.540 49.5 49.2 48.4 47.2 45.4 43.1 45.3 47.1 48.3 49.1 49.3 49.0 48.3 47.045 49.5 49.2 48.4 47.2 45.4 43.1 45.4 47.2 48.4 49.2 49.5 49.2 48.4 47.250 49.5 49.2 48.4 47.2 45.4 43.1 45.3 47.1 48.3 49.1 49.3 49.0 48.3 47.055 49.5 49.2 48.4 47.2 45.4 43.1 45.0 46.7 47.9 48.7 48.9 48.6 47.8 46.560 49.5 49.2 48.4 47.2 45.4 43.1 44.5 46.2 47.3 48.0 48.1 47.8 46.9 45.665 49.5 49.2 48.4 47.2 45.4 43.1 43.8 45.4 46.4 47.0 47.1 46.7 45.7 44.370 49.5 49.2 48.4 47.2 45.4 43.1 43.8 45.4 46.4 47.0 47.1 46.7 45.7 44.375 49.5 49.2 48.4 47.2 45.4 43.1 44.5 46.2 47.3 48.0 48.1 47.8 46.9 45.680 49.5 49.2 48.4 47.2 45.4 43.1 45.0 46.7 47.9 48.6 48.9 48.6 47.8 46.585 49.5 49.2 48.4 47.2 45.4 43.1 45.3 47.1 48.3 49.1 49.3 49.0 48.3 47.090 49.5 49.2 48.4 47.2 45.4 43.1 45.4 47.2 48.4 49.2 49.5 49.2 48.4 47.295 49.5 49.2 48.4 47.2 45.4 43.1 45.3 47.1 48.3 49.1 49.3 49.0 48.3 47.0100 49.5 49.2 48.4 47.2 45.4 43.1 45.0 46.7 47.9 48.6 48.9 48.6 47.8 46.5105 49.5 49.2 48.4 47.2 45.4 43.1 44.5 46.2 47.3 48.0 48.1 47.8 46.9 45.6110 49.5 49.2 48.4 47.2 45.4 43.1 43.8 45.4 46.4 47.0 47.1 46.7 45.7 44.3115 49.5 49.2 48.4 47.2 45.4 43.1 43.8 45.4 46.4 47.0 47.1 46.7 45.7 44.3120 49.5 49.2 48.4 47.2 45.4 43.1 44.5 46.2 47.3 48.0 48.1 47.8 46.9 45.6125 49.5 49.2 48.4 47.2 45.4 43.1 45.0 46.7 47.9 48.7 48.9 48.6 47.8 46.5130 49.5 49.2 48.4 47.2 45.4 43.1 45.3 47.1 48.3 49.1 49.3 49.0 48.3 47.0135 49.5 49.2 48.4 47.2 45.4 43.1 45.4 47.2 48.4 49.2 49.5 49.2 48.4 47.2140 49.5 49.2 48.4 47.2 45.4 43.1 45.3 47.1 48.3 49.1 49.3 49.0 48.3 47.0145 49.5 49.2 48.4 47.2 45.4 43.1 45.0 46.7 47.9 48.7 48.9 48.6 47.8 46.5150 49.5 49.2 48.4 47.2 45.4 43.1 44.5 46.2 47.3 48.0 48.1 47.8 46.9 45.6155 49.5 49.2 48.4 47.2 45.4 43.1 43.8 45.4 46.4 47.0 47.1 46.7 45.7 44.3160 49.5 49.2 48.4 47.2 45.4 43.1 43.8 45.4 46.4 47.0 47.1 46.7 45.7 44.3165 49.5 49.2 48.4 47.2 45.4 43.1 44.5 46.2 47.3 48.0 48.1 47.8 46.9 45.6170 49.5 49.2 48.4 47.2 45.4 43.1 45.0 46.7 47.9 48.7 48.9 48.6 47.8 46.5175 49.5 49.2 48.4 47.2 45.4 43.1 45.3 47.1 48.3 49.1 49.3 49.0 48.3 47.0180 49.5 49.2 48.4 47.2 45.4 43.1 45.4 47.2 48.4 49.2 49.5 49.2 48.4 47.2185 49.5 49.2 48.4 47.2 45.4 43.1 45.3 47.1 48.3 49.1 49.3 49.0 48.3 47.0190 49.5 49.2 48.4 47.2 45.4 43.1 45.0 46.7 47.9 48.7 48.9 48.6 47.8 46.5195 49.5 49.2 48.4 47.2 45.4 43.1 44.5 46.2 47.3 48.0 48.1 47.8 46.9 45.6200 49.5 49.2 48.4 47.2 45.4 43.1 43.8 45.4 46.4 47.0 47.1 46.7 45.7 44.3205 49.5 49.2 48.4 47.2 45.4 43.1 43.8 45.4 46.4 47.0 47.1 46.7 45.7 44.3210 49.5 49.2 48.4 47.2 45.4 43.1 44.5 46.2 47.3 48.0 48.1 47.8 46.9 45.6215 49.5 49.2 48.4 47.2 45.4 43.1 45.0 46.7 47.9 48.7 48.9 48.6 47.8 46.5220 49.5 49.2 48.4 47.2 45.4 43.1 45.3 47.1 48.3 49.1 49.3 49.0 48.3 47.0225 49.5 49.2 48.4 47.2 45.4 43.1 45.4 47.2 48.4 49.2 49.5 49.2 48.4 47.2230 49.5 49.2 48.4 47.2 45.4 43.1 45.3 47.1 48.3 49.1 49.3 49.0 48.3 47.0235 49.5 49.2 48.4 47.2 45.4 43.1 45.0 46.7 47.9 48.7 48.9 48.6 47.8 46.5240 49.5 49.2 48.4 47.2 45.4 43.1 44.5 46.2 47.3 48.0 48.1 47.8 46.9 45.6245 49.5 49.2 48.4 47.2 45.4 43.1 43.8 45.4 46.4 47.0 47.1 46.7 45.7 44.3250 49.5 49.2 48.4 47.2 45.4 43.1 43.8 45.4 46.4 47.0 47.1 46.7 45.7 44.3255 49.5 49.2 48.4 47.2 45.4 43.1 44.5 46.2 47.3 48.0 48.1 47.8 46.9 45.6260 49.5 49.2 48.4 47.2 45.4 43.1 45.0 46.7 47.9 48.7 48.9 48.6 47.8 46.57



5.2 Tabulated model 5 EXPRESSIONS FOR A RANGE CORRECTION FUNCTION265 49.5 49.2 48.4 47.2 45.4 43.1 45.3 47.1 48.3 49.1 49.3 49.0 48.3 47.0270 49.5 49.2 48.4 47.2 45.4 43.1 45.4 47.2 48.4 49.2 49.5 49.2 48.4 47.2275 49.5 49.2 48.4 47.2 45.4 43.1 45.3 47.1 48.3 49.1 49.3 49.0 48.3 47.0280 49.5 49.2 48.4 47.2 45.4 43.1 45.0 46.7 47.9 48.7 48.9 48.6 47.8 46.5285 49.5 49.2 48.4 47.2 45.4 43.1 44.5 46.2 47.3 48.0 48.1 47.8 46.9 45.6290 49.5 49.2 48.4 47.2 45.4 43.1 43.8 45.4 46.4 47.0 47.1 46.7 45.7 44.3295 49.5 49.2 48.4 47.2 45.4 43.1 43.8 45.4 46.4 47.0 47.1 46.7 45.7 44.3300 49.5 49.2 48.4 47.2 45.4 43.1 44.5 46.2 47.3 48.0 48.1 47.8 46.9 45.6305 49.5 49.2 48.4 47.2 45.4 43.1 45.0 46.7 47.9 48.7 48.9 48.6 47.8 46.5310 49.5 49.2 48.4 47.2 45.4 43.1 45.3 47.1 48.3 49.1 49.3 49.0 48.3 47.0315 49.5 49.2 48.4 47.2 45.4 43.1 45.4 47.2 48.4 49.2 49.5 49.2 48.4 47.2320 49.5 49.2 48.4 47.2 45.4 43.1 45.3 47.1 48.3 49.1 49.3 49.0 48.3 47.0325 49.5 49.2 48.4 47.2 45.4 43.1 45.0 46.7 47.9 48.7 48.9 48.6 47.8 46.5330 49.5 49.2 48.4 47.2 45.4 43.1 44.5 46.2 47.3 48.0 48.1 47.8 46.9 45.6335 49.5 49.2 48.4 47.2 45.4 43.1 43.8 45.4 46.4 47.0 47.1 46.7 45.7 44.3340 49.5 49.2 48.4 47.2 45.4 43.1 43.8 45.4 46.4 47.0 47.1 46.7 45.7 44.3345 49.5 49.2 48.4 47.2 45.4 43.1 44.5 46.2 47.3 48.0 48.1 47.8 46.9 45.6350 49.5 49.2 48.4 47.2 45.4 43.1 45.0 46.7 47.9 48.6 48.9 48.6 47.8 46.5355 49.5 49.2 48.4 47.2 45.4 43.1 45.3 47.1 48.3 49.1 49.3 49.0 48.3 47.0360 49.5 49.2 48.4 47.2 45.4 43.1 45.4 47.2 48.4 49.2 49.5 49.2 48.4 47.2-------------------------------------------------------------------------------------------------------The �gure 4 shows the rows or the 
olumns of the table above.
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Figure 4: Corre
tion table, dependen
y in azimuth and zenith angle8



5.3 Polynomial expression 5 EXPRESSIONS FOR A RANGE CORRECTION FUNCTION5.3 Polynomial expressionHere the obje
tive is to 
onstru
t a 
orre
tion suitable for the SLR pro
essing. It is important tohave a 
orre
t representation of the 
entral part for θ below 25 degrees (see �gure 2), and a 
orre
torder of magnitude at lower elevations. The 
urrent de�nition in the POD sofware (CNES/Zoom) isa polynomial fun
tion of |θ|, so we generate a polynomial expression for the 
orre
tion. This meansan even polynomial (or at least no or a small �rst order term).A se
ond degree polynomial represents perfe
ly the 
entral peak, but is very erroneous for |θ|above 30 degrees, where the a
tive 
ube is an external 
ube. Thus a higher order polynomial isne
essary. 2 maxima and 1 minima are needed (see �gure 2), so the degree is 4 at least. The �gure5 shows the theoreti
al 
orre
tion for di�erent azimuth values (dotted lines for 0,5,10,15 degrees).The 
orre
tion is 
ommon on the 
entral 
ube, and depends on the azimuth for the 
ontributionof the external 
ubes. The polynomial 
orre
tions are of degree 4 (with or without �rst degree
oe�
ient) and degree 5 (with null �rst degree 
oe�
ient).
polynomial correction, deg. 4 (green), 4 and 5 continuous at 0 (red and light blue)
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Figure 5: Polynomial 
orre
tion, referen
e (blue), deg. 4 (green), 4 and 5 
ontinuous at 0 (red andlight blue)A good �tting is a
hieved with the degree 4 approximation, with adjusted �rst degree term, thedis
ontinuity at θ=0 is a

eptable. The 
orre
tion has been minimized for the 
onstributions ofthe external 
orner 
ubes, to take into a

ount the di�erent 
orre
tions depending on the azimuth9



6 RESULTS ON CYCLES 0 AND 1 JASON 3(table 2). Table 2: Polynomial range 
orre
tion 
oe�
ients, in meters, for θ in radiansDegree 0 1 2 3 44 0.0495 0.0069 -0.1243 0.2480 -0.13284 (no deg. 1) 0.0500 0.0 -0.0985 0.2131 -0.1172Better expressions are possible for an elevation dependent 
orre
tion. For example looking at�gure 5, a fun
tion de�ned with two se
ond degree poynomials, one for θ below 25 degrees (almostno error), and the other for θ above 25 degrees (maximum error 1 mm depending on the azimuth).However, in this 
ase, the geometri
al approa
h des
ribed above is simpler and more pre
ise (but asoftware update is probably needed).6 Results on 
y
les 0 and 1 jason 3The di�erent 
orre
tions are tested on the �rst two 
y
les of Jason 3. The table 3 shows the meanand rms values for the four available 
orre
tions : 2d deg. polynomial (Jason 1), 50 mm (Jason 2),46 mm (POD do
umentation Jason 3), 4th deg. polynomial (present study). Two positions for theopti
al 
enter on the satellite are tested, -23.3 mm 
orresponds to the POD do
umentation, -20.2mm is the value from the ICD.Table 3: High elevation mean and rms values for 
y
les 0 and 1 Jason 3, a is for POD do
umentationopti
al 
enter, b is for ICD opti
al 
enterCase Cy
le 0 a Cy
le 1 a Cy
le 0 a Cy
le 1 a Cy
le 0 b Cy
le 1 bopt. 
ent. -23.3 mm -23.3 mm -23.3 mm -23.3 mm -20.2 mm -20.2 mmbias bias rms rms rms rmsdeg. 2 -3.2 -6.0 10.0 12.5 9.6 11,750 mm 2.3 -0.9 9.5 11.1 10.3 11.146 mm -1.7 -4.9 9.4 12.1 9.3 11.4deg. 4 -0.6 -3.4 9.6 11.5 9.7 11.1For the mean values (�rst two 
olumns of table 3), the e�e
t of 
hanging the opti
al 
enterposition of the satellite from -23.3 mm to -20.2 mm is to 
hange the 
orresponding mean by 2.0mm. The �gure 6 shows the SLR residuals biases for the di�erent 
on�gurations. The two 
y
leshave very di�erent overall bias, so it is not possible to 
hoose between the two opti
al 
entre o�setsvalues. 10



6 RESULTS ON CYCLES 0 AND 1 JASON 3The �gure 7 shows the rms values. The e�e
t of the opti
al 
entre o�set is not very importanton these rms values. The new polynomial model has a 
orre
t behaviour, almost 
lose to the bestrms values a
hieved by the the other formulas.

Figure 6: High elevation SLR residuals biases for the di�erent 
on�gurations (mm)

Figure 7: High elevation SLR residuals rms for the di�erent 
on�gurations (mm)To have a 
lear distin
tion of the performan
es of the di�erent 
orre
tion models, it is ne
essaryto have more data.
11



8 APPENDIX7 Con
lusionThe 
omplete estimation of the Jason 3 SLR array range 
orre
tion has been presented (withoutmodelling of the di�ra
tion e�e
ts). The results are 
onsistent with the 
urrent POD do
umentationvalues, and allow to 
onstru
t a 
ontinuous 
orre
tion for all propagation dire
tions with a betterpre
ision than the pre
eding 
orre
tions used on Jason 1 and 2 (same SLR array 
hara
teristi
s).The tests on the �rst two 
y
les of Jason 3 show a 
orre
t behaviour of this new 
orre
tion, butthere are not enough measurements to have a good 
omparison of the performan
es of the di�erent
orre
tion models.8 Appendix8.1 range 
orre
tion expressionFigure 1 shows the geometry of the problem for one 
ube 
orner, see for example [D. Arnold 1979℄.
O is the opti
al referen
e point. C is the 
enter of the external 
ube 
orner surfa
e. A is theapex of the 
ube 
orner. l1 is the opti
al path length for the opti
al referen
e point O (va
uumpropagation). l2 is opti
al path length for the ray re�e
ting at the 
orner 
ube apex.The in
iden
e angle is θ and the refra
tion angle is θr, with the relation sin θ = nφ sin θr. nφ isthe refra
tion index 
orresponding to the phase velo
ity at the frequen
y of the signal. Using ngfor the group refra
tion index, the expression for l2 using geometri
al opti
s is :

l2 = l1 − d cos θ + ng

d0

cosθr

−
d0

cosθr

sinθrsinθ (3)The term d cos θ 
orresponds to a 
hange of the referen
e point to the 
enter of the 
orner 
ube
C. The next term is the propagation between the surfa
e of the 
ube and the apex A, with therefra
tion index ng. The last term is the 
orre
tion for the entry point of the ray in the 
ube, whi
hhas an o�set with respe
t to the 
enter C.This 
an be fa
torized as :

l2 = l1 − d cos θ + ng

d0

cosθr

−
d0

cosθr

sinθrsinθ

= l1 − d cos θ + ng

d0

cosθr

−
d0

cosθr

nφ sin2 θr

= l1 − d cos θ + ngd0(cosθr + ǫ)

(4)
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8.2 se
ond order expansion of δl for Jason 3 8 APPENDIXThe term ǫ is usually negligible. It is equal to zero for ng = nφ. Pra
ti
ally (ng − nφ)/ng issmall ( 0.015 for Suprasil ), and the maximal value for θ is around 25 degrees (in the Jason 3 arrayassembly, there is always a 
ube 
orner with the in
oming dire
tion below 25 degrees from the 
ube
orner axis). ǫ is below 0.004 for the de�e
tions to be 
onsidered.So the range 
orre
tion δl to add to the measurement l2 to obtain l1 
an be approximated as :
δl = d cos θ − ngd0cosθr (5)8.2 se
ond order expansion of δl for Jason 3The numeri
al values found for Jason 3 are :

d0 = 22.3 mm
d = 82.55 mm
nφ = 1.461

ng = 1.484

d is longer than ngd0, and θr is smaller than θ.This means that at �rst order in θ, the 
orre
tion is equivalent to a positive bias d − ngd0 =49.5 mm. The se
ond order term is equivalent to −
1

2
(d−

ng

n2

φ

d0)θ
2, this 
oe�
ient is -33.5 mm/rd2.This explains the polynomial shape of the range 
orre
tion presented in �gure 2.8.3 Opti
al 
entre lo
ations for Jason 3For the positioning of the assembly on the spa
e
raft, the value is given in the referen
e do
umen-tation [ICD POD℄ shown on �gure 8. The LRA origin in the satellite frame is [ 1194.0 , 598.0 ,706.2 ℄.
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8.3 Opti
al 
entre lo
ations for Jason 3 8 APPENDIX

Figure 8: Opti
al 
entre lo
ation (from [ICD POD℄)
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